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I.  STMttHI 

Storage  of  srbnmrged  cult  ■are*  of  Coeoidioldee  laci  tie  grown  In  the 
liquid  synthetic  audita  of  Eoesslar  *1  has  not  been  a  problem,  lighter 
to  one  hundred  per  cent  viability  can  be  aaintained  for  as  long  as  6  months 
in  cultures  stored  in  their  own  spent  medium  at  5%.  This  survival  can  be 
improved  (particularly  during  axtended  storage  beyond  the  6  month  interval) 
by  replenishing  the  oarbcn  and  nitrogen  sources  after  growth.  Optimum 
physical  conditions  for  storage  obtained  (a)  when  the  air  space  to  culture 
volume  ratio  (g^)  within  the  storage  container  was  equal  to  1  or  lose,  and 
(b)  in  more  concentrated  cell  suspensions  rather  than  in  dilutions  of  normal 
growth  levels  (particularly  beyond  the  6  month  interval).  Higher  survival 
was  obtained  with  cultures  incubated  for  14  days  than  with  those  incubated 
for  either  7,  21,  or  28  days.  Neither  shaking  nor  opening  the  storage  con¬ 
tainers  at  monthly  intervals  had  an  appreciable  effect  on  survival  through¬ 
out  12  months  storage  at  5°C. 

Carbohydrates  (particularly  glucose)  were  of  more  value  in  protection 
of  arthrospores  against  death  due  to  drying  than  were  protein  compounds. 
Highest  survival  (45  to  49  per  cent)  resulted  from  resuspension  (before 
drying)  in  a  menstruum  composed  of  8  per  oent  aqueous  glucose  with  small 
amounts  of  added  gelatin  and  agar  as  compared  with  36  per  cent  with  glucose 
alone,  and  <  1  per  oent  for  the  controls,  is  suspected  at  the  beginning  of 
these  studies,  compounds  protecting  cells  against  death  due  to  drying  re¬ 
sulted  in  Improved  aerosol  stability,  Artbrospcres  resuspended  in  8  per 
cent  glucose  before  aeroeollsation  have  maintained  as  high  as  27  per  cent 
survival  as  compared  with  1  per  oent  or  less  for  those  aeroeollsed  frost  a 
suspension  in  their  own  supernatant  liquid  (data  obtained  from  the  Mycology 
Section,  SO  Division).  Higher  survival  to  drying  was  obtained  with  arthro- 
•sporee  incubated  for  14  and  21  days,  than  with  those  7  or  28  days  old. 

The  temperature  of  free  sing  was  more  critical  than  the  temperature  of 
thawing  in  survival  of  arthrospores  to  freeaing  and  thawing.  With  a  con¬ 
stant  thawing  temperature  of  5°C,  approximately  40  per  cent  survival  to 
freezing  at  -15%  was  obtained  with  arthrospores  suspended  in  their  own 
supernatant  liquid,  as  compared  with  <  1  per  oent  for  thoee  frozen  at  -72°C. 
Moreover  40  per  cent  survival  to  a  holding  temperature  of  -72°C  could  be 
maintained,  provided  the  arthrospores  were  first  frozen  at  -15°C  before 
being  pla  -jd  at  -72°C.  Almost  complete  protection  against  death  due  to 
-15°C  freeaing  waa  obtained  by  re bus pens ion  of  cells  in  8  per  oent  aqueous 
glucose  before  fressing.  This  treatment  was  much  lsss  effective  with  cells 
frozen  at  -72%.  Concentration  of  cells  had  no  appreciable  effect  on  sur¬ 
vival  to  freezing,  however,  larger  volures  (20  or  40  ml)  of  culture  sur¬ 
vived  better  than  smaller  volumes  (5  or  10  ml).  In  general,  younger  cells 
survived  to  a  greater  extent  than  older  cells. 

A  very  interesting  observation,  noted  consistently  throughout  the 
studies  ooaprining  this  report,  was  the  significant,  enhancing  effect  of 
glucose  on  the  survival  to  storage,  drying,  freezing,  and  aleo  to 
aerosol!  zation,, 
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II.  imCPTCTIOH 

Relatively  little  baa  been  published  about  Coacldioldse  tie  outside 
of  the  fields  of  epidemiology  and  morphology.  Moreover,  most  of  the  published 
work  on  culture  methods  has  been  concerned  with  growth  on  solid  medium,  rather 
than  with  submerged  growth.  The  studies  with  which  this  report  is  concerned 
were  aimed  at  the  improvement  of  survival  during  storage,  drying,  and  freesing 
and  thawing.  The  method  of  approach  has  been  through  a  study  of  the  nutri¬ 
tional  arri  physical  environmental  conditions  influencing  stability. 

Improvement  of  stability  to  drying  and/or  freezing  was  of  two-fold  im¬ 
portance  :  (a)  the  viability  of  stock  cultures  maintained  by  lyophyli zation 

was  found  to  be  extremely  low  (<  1  per  oent),  and  (b)  it  was  postulated  that 
the  low  aerosol  stability  of  arthrospores  aerosolised  from  liquid  suspensions 
was  in  sons  way  connected  with  poor  survival  to  drying.  Studiej  on  the  im¬ 
provement  of  aerosol  stability  through  application  of  findings  on  Improved 
survival  to  drying  were  carried  out  with  the  cooperation  of  the  Screening 
Branch,  MB  Division,  the  tycology  Section,  SO  Division,  and  Aerobiology  Di¬ 
vision. 


ITT.  MATERIALS  A HD  METHODS 


A.  MEDIUM 

The  majority  of  these  stuUea  were  carried  out^eing  the  gluooae,  ammonium 
acetate,  inorganic  salts  medium  of  Roeesler  £&  which  has  the  following 

composition: 


Component 

Molarity 

Qluooee 

0.11 

Amnonium  acetate 

0.08 

k2hpo4 

0.015 

KH2PO4 

0.015 

MgSO^ • THgO 

C.0O8 

ZnS04*7H20 

0.000062 

Deviations  from  this  medium  are  so  noted  in  the  results  section.  The  c ca¬ 
po  nerta  of  the  medium  were  dissolved  in  distilled  water,  with  a  resulting  pH 
of  6.6  before  autoclaving.  Limited  ccatparlsais  were  made  between  this  medium 
and  the  complex  medium  of  Roeesler  ai  all/  (2  per  oent  glucose,  1  per  cent 
peptone,  and  0.1  per  cent  yeast  autolysate). 


•See  Literature  Cited,  page  45. 
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3.  INOCULUM 

Routinely  inocula  of  3  x  10?  to  4  z  1 tfl  arthrosporee  (0.1  ml  of  a  14 
day  culture  grown  in  the  ease  medium  aa  the  experimental  culture#)  were 
need.  Stock  culture#  for  preparation  of  inocula  were  maintained  on  glucose, 
peptone,  yeast  autolysate  agar  a Ian tel/  at  5°C.  Freeh  liquid  inocula  were 
prepared  at  three  month  interrale. 

C.  STRAINS 

£.  imitia.  strain  Cash  was  selected  (fro*  a  collection  of  approximately 
65  strains  maintained  in  the  Nutrition  Branch)  for  these  studies,  due  to  the 
uniparticulate  nature  of  ita  arthro spore  suspensions  in  liquid  culture  which 
enabled  accurate  assay  of  viable  cell  count  far  determination  of  growth 
yield  and  storage  viability,  etc.  This  strain  was  isolated  froa  a  dissemi¬ 
nated  case  of  ooccidioidoaycoeis  and  its  viruleroe  compared  favorably  with 
that  of  other  available  strains.  Other  strains  will  be  indicated  where  used 
in  the  text. 

D.  GROWTH  CONDITIONS 

Arthro spare  cultures  were  incubated  at  34°C  far  14  days  (unless  stated 
otherwise)  on  a  reciprocating  shaker  with  a  inch  stroke  at  100  excursions 
per  minute.  The  cultures  were  grown  in  250  ml  Erlenmeyer  flasks  (50  ml  of 
medium  per  flask)  closed  with  rubber  stoppers  bearing  thistle  tubes  packed 
with  ootton.  This  type  of  closure  provided  adequate  aeration  for  —tHic-m 
growth  in  the  media  used  and  was  used  in  preference  to  ootton  plugs  for 
safety  reasons. 

E.  ASSAI  METHODS 

1.  Viability 

Viable  counts  in  fresh  and  treated  cultures  were  determined  by  the 
poor-plate  method  of  oounting,  using  a  plating  medium  composed  of  2  per  cent 
gluc^ae,  1  per  cent  peptone,  0.1  per  oent  yeast  autolysate,  and  2  per  oent 
agar*/.  Appropriate  dilutions  of  the  cultures  in  tryptoee  mUm  diluent 
(0,1  per  cent  tryptoee  and  0.5  per  cent  H&C1  in  tap  water)  were  used  to 
inoculate  the  plates,  which  were  incubated  for  43  hours  at  34°C  and  an  addi¬ 
tional  16  hours  at  room  temperature  before  counting. 

A  statistical  analysis  (Goldschmidt,  1955^)  to  determine  variability 
of  viable  cell  assay  among  cultures  and  asoGg  plate  counts  using  1  to  12 
flanks  and  1  to  3  pour  plates  per  flask  indicated  an  wcouraey  of  ~  3.4  per 
cent  with  95  per  oent  confidence  limits  when  3  plates  were  need  tor  each  of 
3  replicate  flasks. 

Additional  values  (figures  in  par*nthe#e»)  are  given  in  table  II 
(results  of  a  typical  long-term  experiment)  to  indicate  the  upper  and  lower 
limits  of  values  used  in  calculating  the  mean. 


2.  Morphology 


The  morphological  development  of  the  cultures  was  determined  by 
microscopic  examination  of  wet-mounts  of  culture  material  suspended  in 
lacto phenol  blue  solution  (aqueous  solution  of  per  oent,  each,  lactic 
aold  and  phenol;  40  per  oent  glyoerel;  and  0.05  per  oent  cotton  bine  stain). 

F.  STORAGE  CONDITIONS 

Unless  stated  otherwise,  duplicate  14  day  ar thro spore  cultures  ware  pool¬ 
ed  and  stored  in  liquid  suspension  at  5°C  in  8  ounce  Duraglass  prescription 
bottles  (100  nl  per  bottle)  closed  with  rubber-lined  screw  cape.  The  bottles 
were  stored  tinder  static  conditions  and  were  undisturbed  between  the  monthly 
intervals  at  which  viability  determinations  were  made. 

0.  DRYING  METHODS 

Ten  ml  volumes  of  ar throe pore  cultures  were  added  to  50  ml  centrifuge 
tubes  containing  twelve  5  ■*  glass  beads  and  oentrifoged  at  2000  rpm  for  1 
hour.  Spent  supernatant  medium  was  removed  by  aspiration  and  the  packed  cells 
were  resuspended  in  the  various  drying  menstrua  to  be  tested.  The  oentrifuga- 
tion  and  removal  of  supernatant  liquid  was  repeated.  In  even  distribution  of 
the  pecked  oell  paste  over  the  inside  surface  of  the  centrifuge  tubes  was 
achieved  through  moves* nt  of  the  glass  beads  by  rotation  of  the  tubes.  The 
tubas  were  then  placed  over  calcium  sulfate  in  a  desiccator  and  the  air  re¬ 
moved  by  means  of  a  vacuum  pump.  The  evacuated  desiccator  was  placed  at  5°C 
for  one  week.  The  dried  cultures  were  resuspended  in  their  original  volume 
with  either  frerh  synthetic  medium  or  tryptoee  saline  diluent,  and  survival 
was  determined  1  <j  viable  plate  count*. 

H.  FREEZING  AND  THAWING  METHODS 

| 

Ar thro spare  >mltures  in  50  ml  pyre*  glass  centrifuge  tubes  (10  ml  per  tube) 
were  placed  in  a  deep  frees#  chest  at  -15°C  ar  submerged  in  an  acetone-dry  ice 
bath  at  -72°C  and  fro  sen  go  w««-  The  frosen  cultures  were  placed  in  the  cold 
room  at  5°C,  or  in  incubators  at  25®C  or  37 °C  for  thawing.  Survival  following 
freezing  and  thawing  cycles  was  determined  by  viable  plate  counts. 


A.  STOR'iGE 

i.  Medium,  Temperature  and  Strains 

It  was  noted  that  liquid  suspensions  of  £.  lenitla  arthro spores  grown 
and  stirred  in  Roeasler's  syntfcetio  medium  remained  viable  after  two  years 
a  tor ag*  at  5°C,  whereas  those  grown  and  stnred  in  complex  medium  (glucose, 
peptimn,  yeast  autolysate)  were  nonvlable. 
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a.  Viability  at  5°C  and  25°C 

Preliminary  studies  compered  tha  growth  nedie,  storage  tempera¬ 
tures,  pre-storage  supplements,  and  tba  strains  shown  in  table  I.  Three 
replicate  culture#  (50  ml  par  culture)  of  £.  t  i  «r  strains  Cash  or  M-ll 
■>  rodent  iaolata  from  the  atate  of  Arisona)  ware  plaoed  la  storage  after 
the  following  traabmsntj  (a)  nstreated  (controls) j  (b)  oentrifuged  and. 
resuspended  to  the  original  volume  in  the  corresponding  fresh  growth  medium j 
(e)  supplemented  iaic&adiately  preceding  storage  with  a  final  level  of  2.0  per 
oent  glucose;  and  (d)  supplemented  immediately  preceding  storage  with  a 
final  larel  of  0.25  par  cent  yeast  autolysate. 

As  seen  in  table  i,  the  Main  factors  affecting  viability  during 
storage  ware  the  grovth  aedlua  and  the  temperature  of  storage.  The  addition 
of  glucose  to  the  cultures  lamed lately  before  storage,  eniunoad  the  survival 
to  three  months  storage.  Although  this  effect  via  not  pronounced,  it  was 
consistent  and  occurred  in  a  majority  of  the  cultures  of  both  strains  grown 
in  synthetic  medium  and  stored  at  either  5°C  or  25°C.  The  addition  of  yeast 
autolysate  had  a  deleterious  effect  on  the  viability  of  stored  cultures. 
Cultures  grown  in  the  synthetic  medium  maintained  distinctly  higher  viabili¬ 
ties  at  each  storage  Interval,  and  the  detrimental  effect  of  the  25°C 
storage  temperature  was  not  as  pronounced  as  in  cultures  grown  in  the  oompleat 
medium. 

b.  Effect  of  Supplementation  of  Cultures  I  mediately  Before  Storage 
(l)  Strain  Cash,  Grown  in  Boeaaler's  Synthetic  Medium 

It  was  shown2/  that  the  ammonium  aoetate  and  glnooee  content 
of  the  medium  wee  exhausted  during  growth  of  £.  iml tie  by  approximately  the 
9th  and  20th  day  of  incubation  respectively.  This  Information,  and  date  in 
table  I  concerning  enhancement  of  storage  viability  by  supplement#  of  glnooee 
to  the  cultures,  prompted  further  investigation  of  the  influence  of  supple¬ 
menting  the  cultures  before  storage. I 

Replicate  cultures  of  the  Cash  strain  were  grown  in  syn¬ 
thetic  medium  for  21  days  (to  assure  complete  exhaustion  of  the  glucose  and 
ammonium  acetate  jontent  of  the  medium).  Triplicate  100  ml  aliquots  of  the 
pooled  cultures  were  supplemented  with  the  original  levels  of  amacuium 
aoetate  (nitrogen  source),  glucooe  ( carbon  source),  or  the  two  in  combina¬ 
tion,  with  three  left  unsupplaswxnted  as  controls.  All  cultures  were  stored 
at  5°C  in  8  os  prescription  bottles  and  the  viability  determined  at  monthly 
intervals. 


A>  shown  in  table  II,  survival  of  all  cultures;  was  100  per 
cent  or  more  throughout  10  months  storage.  The  glucose  supplement  was  more 
beneficial  to  increased  aurrival  than  the  ammonium  scetr.te  supplement,  and 
the  effects  of  the  two  ccsapourds  were  additive  when  uu«d  in  combination. 


c.  Effect  of  Drying  and  Resuspending  in  8  Per  Cent  Glucose  on  Sur¬ 
vival  at  5°C 

Replicate  cultures  of  £.  IkniiiE  were  centrifuged  for  1  hour  at 
2000  rpa  and:  (a)  resuspended  in  their  own  supernatant  liquid  as  controls, 
(b)  resuspended  in  £  per  cent  aqueous  glucose*,  or  (c)  resuspended  in  8  per 
cent  glucose  and  dried  for  one  week  in  an  evacuated  desiccator  over  calcium 
sulfate  following  removal  of  the  supernatant  liquid,  and  again  resuspended 
in  8  per  cent  glucose,  ill  cultures  were  placed  in  storage  at  5°C  and  via¬ 
bility  assayed  at  monthly  Intervals. 

is  indicated  in  table  III,  the  control  cultures  and  the  undried 
cultures  resuspended  in  8  per  cent  glucose  laaintained  normal  survival  of 
approximately  100  per  cent  throughout  6  months  storage.  However,  cultures 
subjected  to  drying  before  wet  storage  at  exhibited  a  steady  dscreaee 
in  survival  to  33  per  oent  at  the  end  of  6  months,  thus  indicating  a  detri¬ 
mental  effect  of  the  drying  process  on  storage  staMli  of  the  organism. 

In  order  to  re-examine  the  detrimental  effect  of  dry'ng  on 
storage  stability  at  5°C ,  replicate  resuspended  cultures  from  otinr  drying 
experiments  (testing  various  drying  menstrua)  were  held  for  30  days  at  5°C 
and  essayed  for  viability.  Using  the  plate  counts  obtained  immediately 
after  drying  as  a  base  line  for  100  per  cent  reoovery,  marked  deoreesee  In 
viability  (44  to  99  per  cent)  were  noted  after  30  days  storage  at  5°C,  thus 
corroborating  the  data  in  table  III. 

d.  Viability  at  -15°C 

(l)  Effect  of  T«perature 

Two  series  of  cultures  were  grown  under  standard  condition* 
for  21  days,  placed  in  50  ml  pyrex  glass  centrifuge  tubes  (10  ml  per  tube) 
and  centrifuged  at  2000  rpm  for  1  hour.  One  series  was  resuspended  In  it* 
own  oupeinatant  liquid  and  the  other  in  8  per  oent  aqueous  glucose.  All 
cultures  were  frozen  at  -15°C.  Six  culture*  (three  from  each  eerie*)  war* 
immediately  placed  at  5°C  to  thaw.  In  order  to  differentiate  between  death 
due  to  freezing  (and/or  thawing)  and  that  due  to  storage  at  -15°^,  viable 
uounta  were  made  on  these  cultures  to  establish  a  survival  baas  line  from 
which  the  viable  counts  during  storage  ware  erp  .-eased  a*  par  cent  viability. 
The  remaining  cultures  were  left  at  ~15°C.  Three  replicates  frem  each 
aeries  were  removed  from  storage  at  monthly  Intervals,  thawed  at  ,~°C,  and 
assayed  for  viability. 

As  noted  In  table  IV,  survival  of  cultures.  In  the  absence 
of  added  glucose,  decreased  to  less  than  50  per  cent  at  the  end  of  1  month 
storage  at  -15°C,  and  progressively  decreased  to  14  per  cent  at  6  ssemtha. 
Improved  survival  waa  noted  in  cultures  resuspended  in  8  per  cent  glucose  be¬ 
fore  freezing  (77  and  53  per  cent  at  1  and  6  mjnthe,  respectively).  However, 
in  neither  instance  wee  the  survival  at  -lS^  equal  to  the  normal  survival  of 
cultures  stored  at  5°C  (approximately  100  per  cent  at  6  months). 

•See  section  on  Drying  for  explanation  of  the  use  of  8  per  cent  aqueous 
glucose. 
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(2)  Effect  of  tha  Freesing  Procasa 

To  dsterains  whsthsr  tha  lew  tempsrature  of  storage,  or 
tha  actual  procaaa  of  freeiing  and  thawing  raaultad  in  tha  sub-standard 
ataraga  stability  at  -15°C ,  replicate  arthroapora  cultures  wara  stored  at 
5°C  following  (a/  no  treatment,  (b)  reauapanaion  in  8  per  cant  aqusonm 
glucose,  and  (c)  rasuapenaion  in  8  par  cant  glucose  followed  by  free ting 
at  -15°C,  and  thawing  at  5°C. 

la  indicated  in  table  7,  wary  little  difference  in  sur¬ 
vival  was  noted  throughout  6  souths  storage  between  cultures  which  wara 
not  frosen  and  those  that  had  been  frosen  and  thawed  previous  to  storage 
at  5°C.  This  indicated  that  poor  survival  to  -15  °C  storage  was  due  aainly 
to  the  low  temperature  of  storage  rather  than  to  the  processes  of  freesing 
and  thawing. 

2.  Culture  lge 

It  was  shown  that  £.  grown  in  tha  synthetic  medium  of 

Roeesler  ti  gj*' ,  reaches  marl  mm  growth  at  approximately  ID  to  14  days 
incubation.  To  determine  the  effect  cf  various  culture  ages  on  survival 
nt  5°C,  four  series  of  arthrospore  cultures  were  grown  for  7,  14,  21,  or 
28  days  (inoculated  on  successive  weeks  to  mature  on  the  same  day)  under 
standard  conditions.  Three  replicate  cultures  from  each  age  group  (100  ml 
per  culture)  were  placed  in  storage  at  5°C  and  assayed  for  viability  at 
monthly  Intervals. 

As  shown  in  table  71,  survival  of  the  14,  21,  and  28  day  cultures 
remained  constant  (73  to  88  per  cent)  for  the  first  three  months,  however, 
maximum  survival  was  obtained  with  the  14  day  cultures  throughout  9  months 
storage.  The  7  day  cultures  demonstrated  a  progressive  decrease  in  sur¬ 
vival  to  a  2  per  cent  level  by  the  third  month. 

3.  Concentration  of  Cells 

Four  aeries  of  arthrospore  cultures  wsrs  centrifuged  and  resuspended 
in  their  own  supernatant  liquid  to  one  half,  one,  two,  and  four  times  the 
original  culture  volume,  respectively,  resulting  in  the  cell  concentrations 
shown  in  table  711.  Three  replicate  cultures  (100  ml  per  culture)  of  eaoh 
concentration  were  placed  In  storage  at  5°C  and  assayed  for  viability  at 
monthly  intervals. 

Survival  at  all  concentrations  remained  at  approximately  100  per 
cent  for  the  first  5  months.  At  this  point  survival  of  the  diluted  cultures 
decreased  at  a  faster  rata  than  that  of  the  mors  concentrated  cultures,  and 
at  18  months  the  concentrated  arthrospore  suspension  alone  gave  greater  than 
1  per  oent  survival. 

4.  7olums  of  Culture  Stored 


It  was  noted  that  storage  survival  was  higher  when  arthrospore  . 
cultures  were  stored  in  100  ml  volumes  than  when  stored  in  50  ml  volumes*  , 
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This  prompted  studies  of  the  effects  of  culture  and  container  volume  relation¬ 
ships  on  storage  stability, 

a.  Varied  Culture  Volumes  in  Storage  Containers  of  Identical  Capaoity 

Replicate  arthrospore  cultures  were  stored  at  3°C  in  25,  50,  100, 
and  200  ml  volumes  per  8  os  prescription  bottle  as  indicated  in  table  VIII,  In 
general,  viability  increased  directly  with  culture  volume  for  the  25,  50,  and 
100  ml  volumes  throughout  14 -months.  Charing  the  first  five  months,  the  via¬ 
bility  of  the  200  ml  cultures  was  slightly  less  than  that  of  the  100  ml 
cultures,  suggesting  that  other  factors  may  have  been  involved  in  the  different 
levels  of  viability. 

Varying  the  culture  volume  within  storage  containers  of  identical 
capacity  also  caused  a  variation  of  (a)  the  ratio  of  the  culture  surface  to 
culture  volume,  (b)  the  ratio  of  air  space  to  culture  volume,  (c)  the  height 
of  the  supernatant  liquid  above  the  settled  cell  lays  during  storage,  and 
(d)  the  depth  of  the  settled  cell  layer.  Any  interpretation  of  these  data 
must  include  all  of  these  relation  ships,  and  therefore  further  examination  was 
necessary, 

b.  Varied  Culture  Volumes  Storod  Under  Conditions  of  Constant  Ratios 

of  (a)  Culture  Surface  to  Culture  Volume,  and  (b)  ilr  Space  to 

Culture  Volume 

Replicate  25,  50,  100,  and  200  ml  volumes  of  arthrospore  culture 
were  placed  at  5°C  storage  in  2,  4,  8,  and  16  os  prescription  battles,  respec¬ 
tively.  The  various  slsad  bottles  had  the  warns  general  shape,  resulting  in 
constant  culture  surface  to  culture  volume,  and  air  space  to  culture  volume 
ratios  within  the  storage  containers. 

As  shown  in  table  IX,  very  little  difference  in  survival  was  noted 
among  the  various  volumes  of  culture,  throughout  14  months  storage,  in  con¬ 
trast  to  the  data  in  table  VIII.  This  suggested  that  in  the  previous  experi¬ 
ment  the  air  space  within  the  storage  containers  might  have  influenced  via¬ 
bility  to  a  greater  extent  than  culture  volume,  since  viability  varied  directly 
with  an  increase  in  air  space  to  culture  volume  ratio  in  the  first  experiment 
(table  VIII)  but  remained  the  same  in  the  second  experiment  (table  H)  when 
the  ratio  was  the  same  even  though  the  culture  volume  was  changed. 

c.  Oxygen  and/or  Carbon  Dicori.de  Difroslon  During  Storage 

The  data  from  the  two  previous  experiments  indicated  possible 
effects  on  viability  due  to  changes  in  the  gar  sous  composition  above  the 
cultures.  These  changes  might  be  the  result  of  either  whaUng  or  opening 
the  culturos  at  the  monthly  plating  intervals.  This  was  iwnurfnad  by  placing 
twelve  series  of  replicate  cultures  (100  ml  per  8  oi  prescription  bottle)  in 
storage  at  5°C*  Culture  series  1  was  shaken  vigorously  and  opened  at  12 
monthly  intervals  for  viability  determinations.  In  contrast,  culture  series 
2  through  8  were  shaken  and  opened  only  once,  each,  for  plating  at  the  2nd, 

3rd,  4th,  5th,  6th,  9th  or  12th  monthly  Interval,  respectively.  Culture 
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series  9  through  12  were  shaken  vigorously  at  each  monthly  interval,  bat 
opened  for  plating  only  at  the  3rd,  6th,  9th,  or  12th  aonthly  interval, 
respectively.  Viability  determinations  were  aade  on  all  enltnres  at  the 
end  of  12  months  storage. 

As  indicated  in  table  I,  no  significant  difference  in  survival 
was  noted  among  (a)  cultures  shaken  and  opened  at  each  interval,  (b)  cul¬ 
tures  unshaken  and  unopened,  and  (c)  cultures  shaken  at  each  interval  but 
unopened  (59,  60,  64  per  cent,  respectively)  at  the  end  of  12  months  stor¬ 
age. 

B.  DRYING 

Studies  at  the  Naval  Biological  Laboratories  and  the  Screening  Branch, 
MB  Division  Indicated  very  poor  survival  of  liquid  grown  £.  lmmltla  arthro- 
s pares  to  seroeollsation  (approximately  1  per  cent  or  less) .  Studies  in 
the  Nutrition  Branch,  MB  Division  indicated  equally  poor  survival  to 
l)ophylisation  and  to  drying,  alone  (<  1  per  cent).  This  infaraation  sug¬ 
gested  a  relationship  between  the  lack  of  stability  to  drying  and  poor 
aerosol  stability.  It  was  postulated  that  studies  on  the  individual  pro- 
oeasee  involved  in  lyophyllsatlon  (drying,  free sing,  and  reduced  pressure), 
with  the  idea  of  improvement  of  survival  to  eaeh,  might  solve  the  problem, 
or  at  least  greatly  improve  the  stability  of  £.  to  aerosoli cation. 

1.  Adjuvants 

a.  Screening  mf  Drying  Menstrua 

Preliminary  axperlmente  with  three  strains  of  £.  lmmltla  in- 
dloated  survival  to  drying  of  less  than  1  per  cant.  The  improvement  of 
survival  by  reeuependir^  arthro spore  suspensions  in  various  menstrua  before 
drying  ms  examined.  Arthrospore  suspensions  of  the  Cash  strain  were 
centrifuged  at  2000  rpa  for  one  hour  and  resuspended  in  aqueous  solutions 
of  glucose,  sucrose,  lactose,  peptone,  trypioee,  gelatin,  sodium  caseinate, 
glycerol,  and  sodium  chloride  in  the  levels  recorded  in  table  II,  All 
cultures  were  reeentrifuged  following  viability  determinations,  and  the 
supernatant  liquid  was  removed  by  aspiration.  The  resulting  packed  cells 
were  dried  over  calcium  sulfate  in  an  era ousted  desiccator  at  5°C  for  1 
weak,  resuspended  to  the  original  volume  in  fresh  synthetic  medium,  and 
oounted  for  viability. 

As  shown  in  tabls  U,  carbohydrates  enhanced  survival  to  drying 
to  a  greater  degree  than  protein  substance#  tested,  with  8  per  cent  glucose 
resulting  in  the  highest  survival  (12  par  oent  as  cospared  with  0.01  per 
cent  far  the  control  cultures), 

b.  Glucose 

Replicate  arthrospore  cultures  were  resuspended  in  0,  8,  12,  16, 
20,  and  40  per  cent  aqueous  glucose  solutions  before  drying,  in  order  to 
determine  the  optimum  concentration  of  glucoee  for  enhancement  of  stability 
to  drying.  Prom  the  data  in  table  III,  it  appeared  that  all  of  the  glueoee 


concentration*  tented  resulted  in  essentially  equal  survival.  It  we  postu¬ 
lated  that  the  higher  survival  resulting  from  resus pension  in  40  per  coat 
glucose  nay  have  resulted  from  faulty  plate  count*  due  to  high  viscosity  of 
the  glucose  solution, 

o.  Glycerol 

Replicate  arthrospore  cultures  vere  resuspended  in  0,  5,  10,  15, 
20,  and  40  per  cent  aqueous  glyoerol  solutions  before  drying.  As  indicated 
in  table  IIII,  the  use  of  5  per  cent  glycerol  resulted  in  the  highest  sur¬ 
vival  to  drying  (25  par  cant  as  compared  with  0,36  per  cent  for  the  control 
cultures) .  The  very  low  survival  resulting  froa  the  use  of  15  to  40  P»r 
glyoerol  nay  have  been  due  to  toxicity  of  these  concentrations, 

d,  Soviet  Menstruum  for  the  Storage  of  Vaccines 

Favorable  results  froa  storage  of  vaccines  in  a  menstrual  c (re¬ 
posed  of  15  per  cent  sucroee,  1,3  par  cent  gelatin,  and  0,1  oer  oent  agar  wore 
reported  by  Soviet  scientists^/.  An  investigation  of  this  menstruum,  pertin¬ 
ent  to  its  value  as  a  pre-drying  menstruum  far  £.  was  initiated. 

Replicate  arthrospore  cultures  were  resuspended  in  the  Soviet  menstruum,  in  a 
modification  of  the  menstruum  in  which  8  per  oent  glucose  was  substituted  for 
15  per  oent  sucrose,  in  8  per  oent  gluooee,  in  15  per  oent  sucroee,  end  in 
their  own  supernatant  liquid.  Other  studies  were  carried  out,  to  determine 
optimum  levels  of  the  various  component*  of  the  menstruum,  and  to  evaluate 
the  addition  of  glycerol  or  the  substitution  of  glyoerol  for  gluooee  in  the 
modified  menstruum. 

As  shown  in  table  HV,  highest  survival  to  drying  mu  obtained 
froa  Modifications  I  and  II  of  the  Soviet  menstruum  in  tAiich  glucose  was  sub¬ 
stituted  for  sucrose  (45  and  49  per  cent,  respectively,  ee  compared  with  37 
and  0.31  per  cant  for  the  original  Soviet  menstruum  and  the  control  cultures, 
respectively) ,  Glyoerol  mas  found  to  be  inferior  to  gluooee  M  *  substitute 
far  sucroee, 

2.  Culture  Age 

Replicate  arthrospore  cultures  incubated  far  7,  14,  21,  and  28  days 
tinder  standard  conditions  (inoculated  on  successive  weeks  to  mature  on  the 
same  day)  were  resuspended  in  8  per  cent  aqueous  gluooee  solution  before 
drying  and  evaluated  se  to  the  effect  of  age  cn  survival. 

As  indicated  in  table  IV,  higher  survival  was  obtained  with  either 
the  14  or  the  21  day  cultures  (29  and  39  per  oent,  respectively)  than  with 
the  7  or  28  day  cultures  (14  and  1.4  per  cent,  respectively). 
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C.  mZ ZISG  AHD  TH1WIKG 
1«  Phyaioal  Studies* 

a.  Temperature  et  Treesing  and  Thawing 

Replicate  21  day  arthrospere  culture*  of  strain  Cash  war*  froaea 
«a  MOSt  at  -15°C  (daap  fraasa  chart)  and  at  -72°C  (aoetone-dxy  ica  bath). 
Thrae  oulturaa  fro*  aaoh  of  tha  two  fraaiing  methods  vara  thawad  at  5°C, 
25°C,  and  37*C,  raqoirisg  approximately  8,  1 ,  and  0.5  hours,  respectively. 

is  shown  in  tabla  171,  survival  of  cultures  froran  at  -13°C 
averaged  approximately  ifi  par  cant,  as  ooaparcd  with  <  1  par  oant  for 
cultures  fros«n  at  -72°C.  Thawing  temperature  had  lass  affect  on  sunrlTal 
than  t«*paratura  of  frosting,  with  slightly  higher  recoveries  at  5°C,  than 
at  25°C  or  37°C.  Shall  free  sing  at  -72°C  resulted  in  equally  poor  survival 
as  fresting  ga  *****  at  tha  seas  temperature. 


Several  observations  on  the  freeting  prooass  in  the  two  aathods 
indicated  that  mere  than  one  factor  nay  have  influenced  survival  to  frost¬ 
ing.  It  was  noted  that  culture*  frosan  in  tha  acetone-dry  ice  bath  began 
fraaiing  laaedlately,  free  tha  periphery  toward  the  oantar  of  the  container. 
Tha  saaplaa  vara  completely  frosan  in  approximately  1.5  alnutes,  with  an 
elevated  peak  forming  in  tha  oenter  of  tha 'frosan  aass.  This  Indicated 
poesible  Mechanical  stress  within  tha  cultures.  On  tha  other  hand,  culture* 
placed  in  the  deap-fraasa  chest  at  -15°C  reaainsd  in  a  liquid  aupar-coolad 
state  for  approximately  5  hours,  at  which  tine  saap-freesing  occurred  in  a 
fraction  of  a  second  whan  the  tubas  were  Moved  for  anal  nation.  Tha  sur¬ 
face*  of  thass  culture#  ware  perfectly  saooth  and  level.  It  appeared  that 
fleasing  was  actually  quicker  at  -15°C,  and  that  physical  factors  in  tha 
free sing  process  accounted  for  differences  in  survival  at  the  two  tempera¬ 
tures. 

(l)  Call  Destruction 

It  was  not  possible  to  establish  by  microscopic  examination 
whether  the  freezing  and  thawing  process  at  -72®C  resulted  in  physloal 
breakdown  of  oella.  Severer,  measurement  of  call  protein  content  of  tha 
supernatant  liquid  of  cultures  before  free sing  and  after  thawing  indicated 
cellular  destruction.  Protein  determinations  (standard  biuret  method)  vara 
made  on  tha  supernatant  liquid  of  12  replicate  21  day  arthroepora  cultures. 
Six  cultures  ware  then  fro* on  at  -72  °C  and  tha  other  six  at  -15°C.  Ill 
cultures  ware  thawed  immediately  at  5°C  and  the  protein  determinations  re¬ 
peated. 

As  indicated  in  table  XVII,  a  20  par  oant  increase  In 
protein  was  noted  in  the  supernatant  liquid  after  freesing  at  -72®C, 


•In  scats  of  these  studios  the  arthroepores  vara  re sua ponded  in  8  par  oant 
gin cos a  because  of  its  beneficial  effect  on  survival  to  drying. 
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suggesting  a  release  of  cell  protein  upon  rupture  of  the  cell  wall.  This  Day 
account,  in  part,  for  the  very  low  recovery  (0.09  per  cent)  of  spores  follow¬ 
ing  freezing  at  -72°C.  No  significant  change  was  noted  in  the  protein  content 
of  the  supernatant  liquid  of  cultures  frosen  at  -15°C.  The  34  per  cent  re¬ 
covery  of  spores  frozen  at  the  latter  temperature  suggested  that  a  factor(s), 
other  than  rupture  of  the  cell  wall,  any  be  involved  in  poor  survival  to 
freezing.  This  postulation  was  strengthened  further  by  the  faot  that  loss  of 
viability  during  freezing  at  -15°C,  but  not  at-72°C,  could  be  overcame  almost 
completely  by  resuapenaion  of  spores  in  8  per  cent  aqueous  glucose  before 
freezing*. 


(2)  Effect  of  Temperature 


In  order  to  separate  the  effeot  of  tempera tore  from  other 
factors  reducing  the  viability  of  cultures  frozen  at  -72°C ,  replicate  21  day 
arthrospore  cultures  were  resuspended  in  (a)  their  own  supernatant  liquid  and 
(b)  8  per  cent  aqueous  glucose.  Three  cultures  from  each  suspension  were 
frozen  at  -15°C  and  held  at  that  temperature  for  one  sour.  Three  additional 
cultures  from  each  suspension  were  frosen  at  -15°C  and  placed  at  -72°C 
(acetone-dry  ice  bath)  far  one  hour.  1  third  series  from  each  suspension  was 
frosen  and  held  at  -72°C  for  one  hour.  All  cultures  were  thawed  at  5°C  and 
survival  determined. 


As  shown  in  table  XVIII,  survival  of  cultures  which  were 
frozen  in  their  own  supernatant  liquid  at  -15°C  and  Maintained  at  either  -72°C 
or  -15°C  for  one  hour  was  32  to  39  per  cent,  as  compared  with  <  1  per  oent  for 
the  cultures  which  were  frosen  at  -72°C,  suggesting  that  temperature  of  freez¬ 
ing  was  more  important  than  the  holding  temperature  in  survival  to  freesiiy 
and/or  thawing.  Similar  survival  relationships  were  true  for  cultures  resuspend¬ 
ed  in  8  per  cent  gluooee  before  freezing. 


b.  Repeated  Freezing 


Replicate  21  day  arthrospore  cultures  were  resuspended  in  (a) 
their  own  supernatant  liquid  and  (b)  in  8  per  cent  aqueous  glucose  solution, 
frozen  at  -15°C,  and  thawed  at  5°C.  This  procedure  was  repeated  a  number  of 
times.  Viability  determinations  were  made  on  the  original  suspensions  and 
after  each  freezing  and  thawing  cycle. 

As  shown  in  table  XU,  the  greatest  loss  in  viability  of  cultures 
frozen  in  their  own  supernatant  liquid  occurred  after  each  of  the  first  two 
cycles  (40  to  50  per  cent),  thereafter  a  leveling  off  occurred  with  a  3  per 
cent  dearease  after  each  successive  cycle.  Resuspension  in  8  per  cent  glucose 
resulted  in  marked  reduction  of  viability  loss  so  that  approximately  50  per 
cent  of  the  spores  survived  5  freeze-thaw  cycles. 


0.  Volume  of  Cell  Suspension 


Experiments  to  determine  the  effect  of  repeated  freezing  and  thaw¬ 
ing-  cycles  (5  to  8)  resulted  in  a  reduction  in  volume  of  ths  10  ml  culture 
aliquots  to  2  to  5  ml  due  to  the  removal  of  successive  1  ml  aliquots  for 
viability  determinations.  To  determine  whether  the  diminishing  culture  volume 


section  C.,  2.,  a.,  this  report 
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had  any  affect  on  liability  to  successive  freezing  and  thawing,  replica ta 
arthrospore  culture  a  were  dispensed  in  5,  10,  20,  and  40  >1  aliquots,  twice 
frozen  at  -15°C  and  thawed  at  5°C.  Survival  determinationa  after  each  cycle 
(table  XI)  indicated  approximately  20  per  cent  higher  survival  of  the  20  and 
40  al  aliquots,  than  that  of  the  5  and  10  ml  aliquots  after  the  first  cycle, 
but  no  significant  difference  aaong  the  various  volumes  following  the  second 
freezing  and  thawing  cycle. 

d.  Concentration  of  Cells 

Replicate  arthrospore  cultures  were  centrifuged  and  resuspended 
in  (a)  their  jwn  supernatant  liquid,  and  (b),  (c),  and  (d)  to  one  half, 
twice,  and  four  tines  the  original  volmas  of  their  supernatant  liquid, 
respectively,  frosen  at  -15°C  and  thawed  at  5°C.  Very  little  difference  , 
in  survival  aaong  cultures  with  concentration  levels  of  fro*  66  to  750  x  10° 
spores  per  al,  as  indicated  in  table  XXI. 

e.  Packed  Celia  Versus  Suspended  Cell*' 

A  comparison  of  survival  to  freezing  of  packed  oellti  (super¬ 
natant  liquid  removed)  and  suspended  cells  was  made  by  centrifuging 
replicate  arthrospore  cultures,  resuspending  one  half  of  the  cultures  in 
their  own  supernatant  liquid  and  the  other  half  in  8  par  cent  glucose.  One 
half  the  cultures  in  each  of  these  two  groups  were  recentrifuged  and  the 
supernatant  liquid  removed.  Triplicate  cultures  from  each  of  the  resulting 
four  groups  (suspensions  and  packed  cells  from  the  culture  filtrate  and 
glucose- suspended  cultures)  were  frozen  at  -15°C  and  thawed  at  5°C. 

Survival  determinations  (table  XXII)  indicated  higher  recovery 
(40  per  cent)  of  packed  oells  than  that  (28  per  cent)  of  cells  suspended  in 
culture  filtrate.  However,  this  relationship  was  not  apparent  with  cells 
treated  with  8  per  cent  glucose. 

f .  Age  of  Cells 

(l)  Various  Incubation  Periods 

Replicate  arthrospore  cultures  were  grown  under  standard 
conditions  for  7,  14.  21,  and  28  days,  and  (a)  resuspended  in  their  own 
supernatant  liquid,  (b)  resuspended  in  8  per  cent  aqueous  glucose,  and 
(o)  diluted  100  fold  in  8  per  cent  glucose.  Three  cultures  from  each  age 
group  were  frosen  at  -15°C  and  thawed  at  5°C.  The  freezing  and  thawing 
procoua  was  repeated  a  number  of  times. 

As  shown  in  table  XXIII,  survival  decreased  with  age  in 
cultures  suspended  in  their  own  supernatant  liquid,  with  a  distinct  line 
of  demarkation  occurring  between  the  14  and  21  day  cultures.  This  difference 
was  not  as  pronounced  in  cultures  frozen  in  the  presence  of  glucose,, 


(2)  Effect  of  Spent  Medina 


To  investigate  the  possibility  that  the  presence  or  absence  of 
sane  end-product  in  culture  filtrate  of  young  or  old  cultures  produced  the 
differences  in  the  survival  shown  in  tabls  XT  17,  replicate  culture a  of  strain 
Cash  were  grown  for  14  ahd  28  days.  Cultures  from  each  age  group  were  resu¬ 
spended  in  (a)  their  own  supernatant  liquid,  (b)  supernatant  liquid  from  the 
other  age  group,  (c)  8  per  cent  aqueous  glucose  solution,  and  (d)  fresh 
synthetic  stadium  (the  same  stadium  in  which  they  were  grown).  All  cultures 
were  frosen  at  -15 °C  and  thawed  at  5°C.  The  freeslng  and  thawing  process  was 
repeated  several  tins a. 

Several  observations  were  made  from  the  data  given  in  table 
XXIV:  (a)  the  younger  cells  were  again  more  stable  that  the  older  oella, 

(b)  there  was  no  significant  difference  in  the  effect  on  survival  between  the 
14  and  the  28  day  old  culture  filtrates,  and  (o)  the  absence  of  culture 
filtrate  (resuspension  in  fresh  medium)  more  than  doubled  the  survival  in 
either  age  group.  The  latter  observation  could  either  have  been  due  to  the 
lack  of  seas  toxic  end-product  or  to  an  increase  in  the  glucose  concentration 
(0.11  M)  in  the  suspending  fluid. 

2.  Effect  of  Adjuvant* 

a.  Glucose 

The  optimum  level  of  glucose  for  increasing  survival  to  freeslng 
was  investigated  by  resuspending  replicate  cultures  of  strain  Cash  in  0,  5. 

10,  20,  40,  and  80  per  cent  aqueous  glucose  solutions,  freeslng  at  -15 °C  and 
thawing  at  5°C. 

It  was  evident  from  data  in  table  XXV.  that  glucose  improved  the 
survival  to  freeslng  at  -15°C  (and  thawing  at  5°w,  and  that  there  was  little 
difference  among  the  5  to  40  per  cent  levels.  It  was  postulated  that  the 
inconsistent  results  in  experiments  I  end  II  were  due  to  (a)  poor  dispersion 
of  colls  throughout  the  glucoee  solutions  (because  of  the  viscosity  of  the 
higher  levels  of  glucose)  and/or  (b)  the  resulting  loss  of  cells  adherelng  to 
the  inside  walls  of  pipettes.  In  an  attempt  to  eliminate  these  factors  in 
experiment  III,  the  cultures  ware  shaken  from  5  to  10  minutes  on  a  ICahn 
shaker  and  the  pipettes  need  in  making  the  first  dilutions  for  plating  were 
rinsed  out  in  the  diluting  fluid  three  times.  As  shown  by  the  results,  a 
uniform  survival  of  approximately  100  per  cent  was  obtained  in  experiment  in 
throughout  the  range  of  5  to  40  per  cent  glucoee  solution.  Similarly,  the 
control  cultures  in  experiment  III  were  higher  than  those  in  the  first  two 
experiments. 

b.  Glyoerol 

The  optimum  level  of  glycerol  for  increasing  survival  to  freeslng 
was  investigated  by  resuspending  replicate  ar thro spore  cultures  in  0,  5,  8, 

10,  20,  30,  40,  and  80  per  cent  aqueous  glycerol,  freeslng  at  -15°C  and  thaw¬ 
ing  at  5°C.  As  shown  in  tabls  XXVI ,  all  concentrations  of  glycerol  resulted 
in  an  increase  in  survival  to  freeslng  and  thawing,  with  20  per  cent  as  the 
optimum  (83  per  cent  as  compared  with  36  per  cent  for  ths  controls). 
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c.  Combinations  of  Glycose  and  Glycerol 

An  investigation  of  the  combined  effect*  on  survival  to  frost¬ 
ing  and  thawing  of  glucose  and  glycerol  was  made  by  preparing  suspending 
menatroa  containing  the  various  lire Is  of  these  two  compounds  shown  in 
table  1171 1,  Stock  solutions  of  each  compound  preriously  showing  msalmum 
protective  effect  (8  per  cent  glucose  and  20  per  cent  glycerol)  were  com- 
bined  in  glucose: glycerol  proportions  of  10:0,  9:1,  8:2,  etc.  Replicate 
artbroepore  cultures  were  resuspended  in  each  of  the  11  menstrua,  frossen 
at  -15°C  and  thawed  at  5°C. 

The  protective  effects  of  the  two  compounds  were  not  additive. 
Survival  of  cells  in  the  various  menstrua  was  not  greatly  different, 
averaging  approximately  90  per  cent,  as  compared  with  37  per  cent  for  the 
controls. 
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T1BL*  I.  EFFECT  07  TEMPERATURE,  GROWTH  JBDH3M,  AND  SUPPLEMENT  ON  SUR¬ 
VIVAL  0?  CASH  AND  M-ll  STRAINS  07  Q..  MCTIS  TO  STORAGE 


STRAIN,  MEDIUM 
AND  TREATMENT 


Control 
Trash  Madi* 

+  Qlucoa*a/  , 
+  Toast  -  75^ 


Control 
Trash  M 


KR  OCNT  VIABILI7T*/ 


5®C 

25  °C 

5°C 

25°C 

5°C 

25*C 

101 

104 

106 

93 

65 

U 

118 

134 

122 

47 

56 

25 

112 

109 

102 

110 

76 

52 

104 

107 

98 

59 

55 

16 

L  27 

11 

L  U 

— 

3 

— 

L  39 

aanB 

16 

—  1 

L  14 

” 

2 

“ 

Trash  Madina 
+.ai«ooaafi/  / 
+  Taaot  -  75fl/ 


Control 
Trash  Madina 
+'Glnco«a"  . 
+  Toast  -  75* 


a.  Moan  aminos  of  thraa  raplloata  onltnras* 

b.  Suffiolant  gl ueoat  solution  addad  to  cultura  to  bring  glnooaa  oonoan- 
trmtion  to  2  par  uant, 

o.  Suffloiant  Taaot  75  solution  addad  to  cultura  to  bring  Taaat  75  con- 
oantrmtion  to  0.25  par  oant. 
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TABUS  71,  EFFECT  CF  CBLTURk  AGE  ON  SURVIVAL  OF  £.  IMGTIS  AT  5°C. 


CULTURE  AGE 

ORIGINAL 

COUNT 

PER  CENT  VjimnTT*/ 

1  Mo. 

2  Mo. 

3  Mo. 

6  Mo. 

9  Ho. 

days 

x  IQ6 

* 

23 

344 

75 

73 

73 

52 

37 

21 

316 

85 

88 

82 

a 

23 

14 

314 

84 

88 

82 

72 

54 

7 

250 

72 

33 

2 

<  1 

<  1 

a,  Mean  -values  of  three  replicate  cultures 
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TABLE  II.  EFFECT  OF  DRIIHG  MEHSTBOTM  OH  SURVIVAL  OF 
C.  ftQGTIS  TO  DRUM. 


DRTIHQ  MBHSTROTM^ 

YIABI2  COUHT^ 

Q  I'TPTfTVl  T 

Predrying 

Poetdrying 

*  10b 

x  10b 

% 

Glneaaa 

240 

28 

12 

1,5%  Glucoee 

304 

25 

8.2 

8%  Suoroae 

292 

U 

4.8 

i,5%  Sucrose 

241 

9.4 

5.4 

8%  Iactoae 

287 

3.4 

.  1.2 

i%  Iaotoee 

282 

1.6 

0.6 

1 0%  Sodiun  Caseinate 

184 

0.2 

0.09 

5%  Soditaa  Caaeinata 

179 

6.3 

3.5 

5%  Peptone 

268 

0.2 

0.08 

Ut  Peptone 

289 

0.2 

0.07 

5%  Gelatin 

249 

ou 

0.34 

2%  Gelatin 

151 

0.2 

0.43 

0.8551  HaCl 

270 

0.1 

0.04 

Saturated  HaCl 

146 

0.1 

0.04 

Tryptoae  Salim  Diluents/ 

282 

0.9 

0.31 

Synthetic  Medial 

285 

0.5 

0.16 

5%  Glyoerol 

233 

8.9 

3.1 

Culture  Filtrate  (Control) 

285 

0.27 

0.01 

t,  Centrifuged  growth  reeuapeoded  la  the  wuatr-mm,  reoentrifuged,  and 
the  supernatant  liquid  referred  before  drying, 
b.  Mean  Tainan  of  3-6  culture#  (5  experlwnta) . 
o.  0.1  per  oant  tryptoe*,  0.5  par  east  HaCl. 
d.  Glucoee,  asRoniua  acetate,  Inorganic  caltn  ■adltna. 
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hue  m.  smcT  car  rzsuspessioh  in  glucose  oh  survival 
cor  fi.  poctis  to  drunq. 


DRUNQ 

WEK3TRDDM 

VTABI2 

COUNT*/ 

SURVIVAL 

Predryiag 

Poetdrjring 

%  Glucose 

x  ID* 

X  ID* 

% 

0 

286 

0.23 

0.08 

8 

309 

151 

50 

12 

308 

176 

57 

16 

315 

172 

55 

20 

316 

164 

52 

ifi 

239 

166 

69 

a.  Mean  values  of  duplicate  cultures. 
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TAB  12  IHI. 


EFFECT  OF  RESBSPEHSION  IS  GLTOEROL  01  SQETI7AL 
OF  £.  TMMTTIS  TO  DRHNO. 


ERTTBG 

mSTRUUN 

VHHUC  CCUHT*^ 

Pradryiaf  Po«tdryin* 

~  STB7XTAL 

%  Glyoarol 

x  10b 

x  10b 

f 

0 

290 

10 

0.36 

,5 

256 

64 

25 

10 

300 

35 

12 

15 

238 

6 

3 

20 

168 

4 

2 

40 

132 

1 

0.7 

a.  M®aa  T&liwg  af  thraa  rvplloat*  cultural, 
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TAELS  XT7.  SFT5CT  0?  HESUSPEB5J0H  Of  SOVIET  MESSTROTM  OS  SURVIVAL 
OF  £.  IMKITJS  TO  E7.YIB&. 


DRXIBG  MF.HSTRUUM 

VIA  BIS 

COURT*/ 

-Ysdrying 

Postdrying 

-  SURVIVAL 

x  ID6 

*10* 

? 

Culture  Filtrate 

272 

0.85 

0.31 

Sorlst  Menstroan^ 

300 

no 

37 

-  Modification  1 ^ 

292 

131 

45 

Modification  11^ 

314 

1*5 

49 

Modification 

254 

21 

8 

Modification  17^/ 

236 

92 

39 

Olnooee  8$ 

290 

105 

36 

Suoroea  15? 

278 

53 

19 

Qlyoerel  5? 

280 

44 

23 

Qelatin  0,1? 

198 

0.75 

0.38 

Gelatin  1.3 ? 

252 

3.7 

1.50 

Gelatin  2.5? 

208 

1.31 

0.63 

Agar  0.1? 

336 

0.83 

0.25 

Agar  0.2? 

284 

65 

7^ 

Agar  0.3? 

302 

50 

17 * 

a.  Msen  rain**  of  3  to  18  culture*,  In  6  separate  experiments, 

b.  15  per  cent  sucrose,  1*3  per  cent  gelatin,  and  0,1  per  cent  agar, 
o.  8  per  cent  glucose,  1.3  per  oent  gelatin,  and  0,1  per  cent  agar. 

d.  8  per  cent  glucose,  0.7  per  cent  gelatin,  and  0.05  per  oent  agar. 

e.  5  pen  cent  glycerol,  1.3  per  cent  gelatin,  and  0,1  per  oent  agar. 

f.  8  par  oent  gluooee,  5  per  cent  glycerol,  1.3  per  cent  gelatin,  and 
0.1  per  cent  agar. 

g.  0,2  and  0.3  par  oent  did  not  permit  drying  of  these  cultures,  thus 
resulting  in  the  high  rurriral  in  these  cultures. 
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TABLE  171.  EFFECT  OF  FBEEZZSQ  ABD  THAWISO  OH  SURVIVAL  OF 

ft.  DflCTIS 


VIABLE 

COURlV 

METHOD  OF 

METHOD  OF 

FREEZING 

TEAMING 

Prafrwsin* 

Poat-thawin* 

“  SURVIVAL 

z  10b 

x  10b 

% 

Aootoas,^ 

Cold-Boon 

(5*G) 

300 

0.33 

0.2 

Dry-io# 

Incubator 

(25“C) 

300 

0.06 

0.02 

Bath  (-72°C) 

Incubator 

C3V.5«C) 

300 

0.05 

o.oa 

Dwp 

ColA-Boos 

(3°C) 

274 

142 

52 

!»> 

Incubator 

(25«C) 

274 

100 

35 

(-15°C) 

Incubator 

(37.5^ 

_ 1 _ 

274 

108 

40 

a.  Haan  Tmlwa  af  tripliwta  Aliquot*. 

b.  Frown  «hmu*  (not  shall  frown). 
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TABU  mi.  EJTECT  07  TEMPERATTEE  0 T  rREEZUO  01  REUASS  OP 
CELL  PROTSII  EX  £.  DSGTIS 


FRESZI3Q 

TEMPKRATT3RS 

FR0T1IH  U  SUFEJIATAET  LIPOID*/ 

Prafraaalnj 

Po*tfr»Mla( 

Iaaraaaa 

■  SURVIVAL 

C 

mg/nl 

mAi 

5 

% 

-re 

1.56 

1.88 

20.5 

0.09 

-15° 

1.53 

1.54 

0.65 

34 

a.  Hmb  valuta  of  alx  aaaplaa. 


t 
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tabus  rmi.  effect  or  tbceratubs  q?  mj2uq  oh  survival 

OF  c.  MOTIB. 


TREAT!®  NT 

JWSZUKJ  _ 

VIABLE 

SURVIVAL 

MERSTKDTX 

Prafraaaing 

Poatfraoaing 

x  10fc 

x  10° 

% 

Froaan  and 

Cnltara 

FUirata 

4M 

158 

37 

Bali  for  1 

Hour  at  -15  *C 

8  Par  oant 
Olnooaa 

372 

302 

81 

Fvoaon  at  -1$*C 

Cnltara 

Filtrata 

444 

U2 

32 

ud  Ball  far 

1  How  at  -72°C 

t  Par  oast 
Olnooaa 

374 

246 

62 

Fraaaa  aat 

Coltora 

Filtrata 

326 

0.06 

O.fiU 

09id  I  ACT  1 

Hoar  at  -72  °C 

8  Par  oast 
Olnooaa 

324 

0.38 

0.12 

a.  Mmu  Talnaa  for  thraa  raplloat*  ooltnraa. 
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■  «  ^„U:;  .-A 


9 


35 


TABUt  XXL.  SGS7I7AL  OP  C.  DSKITTS  TO  HJ QUOD  FREEZIHG 
(-15«C)  AJDTH1MIBQ  (5°C). 


CBIGHAL 

1TCKJBI  OP  FBXZZHQ  AID  TEAMU9 

CTCLES&/ 

MEKSTRUTOf 

COOT 

1 

2 

3 

4 

5 

x  10^ 

% 

% 

* 

* 

* 

-  9olturo 
PUtroto 

290 

50 

10 

7 

0.6 

8  Pur  Coat 
Qluoooo 

250 

93 

72 

65 

5e 

A3 

a.  Haas  sorvifal  mints  of  thro*  roplioat*  «roltor»o. 
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TABUS  IX.  mXCT  OF  CULTURE  VOUOMZ  OH  SURVIVAL  OF  PaOTIS 


5  356  43  25 
10  358  43  25 
20  328  62  22 
40  312  61  22 

a.  Mean  urtrriYal  -ralnaa  for  tbraa  raplioata  craltoraa. 
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TABUS  HI.  E5TSCT  OF  CELL  CONCENTRATIOH  OR  SlMIVAL  OF  £.  BUSKS 
TO  FREEZING  (-15°C)  AHD  THAWHKS  (5°C). 


isia 

-a 

:%vi[ 


CELL 


7X1BIE 


COURT*/ 


COBGERTaiTIOH 

Pro fro* tin* 

Footfrobslsf 

x  IQ6 

*  10b 

% 

2Z 

750 

206 

76 

IX 

272 

94 

35 

* 

334 

39 

29 

& 

66 

18 

27 

a,  Miu  vftlnM  of  tfcroo  roplioat*  oultaroo. 


IS 


TABES  mil.  K7TSCT  OF  A®  CP  CELLS  01  SOTTI7AL  OF  C.  DMITIS  10 
FHESZDiG  (-15°C)  AID  THAHIHQ  (5°C). 


CYCLES*/ 

5 

Sp(§£|35j 

ORIGINAL 

couirr 

NO.  OF  FREEZING  AND  THAWING 

_ 1 _ 2 _ 2 _ 4 

day* 

x  ID6 

% 

It 

% 

% 

* 

7 

335 

53 

!*9 

8 

3 

0.8 

Cultur* 

14 

320 

41 

18 

11 

8 

2 

Filtiftto 

21 

328 

18 

6 

1 

0.5 

0.3 

28 

370 

11 

3 

1 

0.3 

_ 

- ...... _ _ _ __ _ _ _ ' _ 

7 

2.89 

45 

39 

33 

24 

19 

CxtlAttr*  Dilntftd 

U 

3.20 

75 

56 

51 

46 

36 

100-Fold  in 

8%  Qlnoooo 

21 

3.64 

56 

47 

34 

28 

28 

28 

2.9^ 

50 

a 

33 

30 

— 

14 

304 

84 

59 

6o 

56 

44 

Ctiltnrft  Booth-  , 

■panted  in  8% 

21 

320 

61 

53 

36 

36 

36 

Gltoooo 

28 

320 

45 

38 

31 

29 

«.  '3mui  rtxrrirftl  vnlof#  for  thrM  ropliout*  ealttoog, 


TABES  mV.  EFFECT  0 F  CUETUBI  AGE  ON  3DR7IYAL  OF  £.  BtOTIS  TO 
FREEZING  (-15 °C)  AND  THAWING  (5°C). 


AC3  OF  FREEZING  ORIGINAL  NO.  OF  FREEZING  AND  THAWING  CYCLES*/ 


ncr.T-q 

ifiNSTRUTJM 

COUNT 

1 

2 

3 

MBHNH 

daya 

*  106 

% 

% 

% 

* 

14  Day  Culture 
Filtrate 

256 

26 

9 

3 

2 

14  . 

28  Day  Culture 
Filtrate 

264 

27 

3 

2 

8  Far  Cast 
Gluooaa 

282 

85 

63 

29 

22 

Traab 

Madina 

276 

51 

23 

5 

3 

28  Day  Culture 
Filtrate 

274 

20 

5 

1 

0.6 

14  Day  Culture 
Filtrate 

218 

17 

3 

0.5 

0.3 

40  " 

8  Par  Cast 
Qlucoee 

232 

66 

45 

32 

28 

Fra  ah 

Kadisa 

222 

56 

28 

17 

12 

42 


» 


1  TABUS  XXVI.  E/FSCT  0?  GLICEROL  OH  SURVIVAL  OF  C.  DQSTIS  TO 

|  FREEZING  (-15  °C)  AND  THAWING  (50c). 

i 

i 

1  ,  * 

1 


FREEZING 

MENSTRUUM 

ORIGINAL 

COUNTS 

SURVIVAL4/ 

AVERAGE 

SURVIVAL 

$  Glycerol 

X  Ifi6 

* 

i 

0 

280,  258,  342 

34,  37,  36 

36 

5 

332 

68 

68 

8 

260,  262 

62,  63 

63 

10 

328 

75 

75 

20 

112,  152,  304 

84,  84,  81 

83 

30 

312 

81 

81 

40 

70,  114,  206 

46,  69,  66 

60 

80 

250 

6 

6 

a.  Valias  fro*  sspex&ts  sxpsriaanta.  Each  Yalta  rsprassnt#  ths 
naan  of  3  sample*. 


» 


TA3IZ  mil.  CdSBUBD  DTSCT  Of  QHJCOSK  ASD  GUCEBOL  OK  SUR7IVAL  OF 
£.  IKWTTIS  TO  7B2EZIB0  (-1$«C)  ABO  THAKIHG  (5«C). 


fSBCZIIQ  MEBSTRtnJM _ 71ABU  COPffT _ 

trorol _ gIuoom _ Prgfirfiiag _ Pogtfr»««lqg 


SURVIVAL 


g: 


Tho  following  general  oonolui lose  way  bo  stated  frat  the  results  of 
this  st-odyi 

V  jr 

1«  Optima*  atorage  stability  at  5*C  m  o stained  with  14-4*7  old 
arthroaporoa  supplemented  with  glucose  and  ameonlun  aoetate  or  harvested 
from  syethetio  medium  and  resuspended  in  8  por  oont  glnocee. 

u 

24  The  ratio  of  tha  air  spaoo  to  culture  toItsm  within  tho  etcrege 
oontalnar  was  critical,  with  boat  stability  obtained  at  a  ratio  of  1,  or 
loaa  than  1« 

3*4  Disturbance  of  tho  storage  oont&lnora  (i.o.t  shaking  or  open¬ 
ing)  dering  storage  had  no  effect  on  viability. 

4*^  Bssuspension  of  arthreoporee  in  $&~»--eeot-^ gluooee  narkodly 
Increased  survival  to  drying,  frooaing  and  thawing,  and  aarosollsation. 

Daring  tho  frooaing  and  thavliy  cycle,  tha  temperature  of 
frooaing  was  acre  critical  for  survival  than  tho  temperature  of  thawing. 

A 


45 
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